Charged Higgs boson can exist in many physics beyond the standard models (BSM) and it is the obvious BSM signal. We briefly describe why the 125GeV scalar discovered at the LHC must have (heavy) companion: the charged Higgs boson, in a new paradigm. We then focus on the charged Higgs phenomenology, especially on how to measure tan β precisely utilizing the top quark polarization information.
Introduction
In July 2012, the new scalar (dubbed as H(125) in this paper) was discovered by ATLAS and CMS of the LHC, which surprised many theorists including me. Furthermore the subsequent measurements are still consistent with the predictions of the standard model (SM). Though the physics beyond the SM (BSM) has strong motivations [1] , the pursuit of it needs some courage and a little bit of luck. During the ICHEP2014, I can feel the spirit of Don Quijote, which is best described by a song called "The impossible dream": "To dream the impossible dream/ To fight the unbeatable foe/ To bear with unbearable sorrow/ To run where the brave dare not go/ . . . /And the world will be better for this/ That one man scorned and covered with scars/ Still strove with his last ounce of courage/ To reach the unreachable star". Now that the neutral scalar H(125) was discovered, one may wonder whether there are more scalars to be discovered, especially the charged Higgs boson. It is the obvious BSM signature. In the SM, one doublet is enough to generate the gauge boson mass and fermion mass, at the same time to induce the flavor changing interactions with the right magnitude. It seems that no extra scalars are needed. Therefore in second Sec. II, we will briefly present the motivation for the charged Higgs boson and in Sec. III, we discuss the different top quark polarization in charged Higgs boson decay and in associated production, In Sec. IV, we focus on how to suppress the backgrounds assuming the charged Higgs boson decaying into top plus bottom. In Sec V, we study how to measure tan β utilizing the top polarization, especially for the intermediate value which is hard to measure using the cross section information, and last section contains our conclusion and discussion.
Motivation for charged Higgs boson: A possible new paradigm
Many BSM require more scalar sectors for various reasons. For example, the minimum supersymmetric standard model (MSSM) requires at least two Higgs doublets.
In the last two years, we begin to realize a possible new paradigm [1] and the schematic diagram of which is shown in Fig. 1 . This conjectured new paradigm is based on the assumption that correlation between the lightness of H(125) and the smallness of CP-violation under the framework of spontaneous CP violation (SCPV) [2, 3, 4] . The SCPV was firstly proposed by T.D. Lee in 1973 [5] , the original purpose was to find the origin of CP violation. We extended the scope of SCPV and utilized it to bridge the Higgs mass and CPV. In the Lee model, in the t β s ξ → 0 (shorthand for tan β sin ξ) limit, namely CP violation vanishing limit, the measures of CP violation (Jarskog variable [6] and K [7, 8] ) and lightest Higgs mass can be expressed as
According to such behavior, we propose that the lightness of the Higgs boson and the smallness of CPviolation effects could be correlated through small t β s ξ . Even though there is connection between the lightness of H(125) and small CPV, what implications will it bring to us? In the past studies, one tried to account for the lightness of the H(125). In the new paradigm, the mass of H(125) is due to the approximate CP symmetry and the extra scalar bosons can be much heavier, e.g. at O(TeV) even in the strong-coupled regime. On top of the scalar sector(s), there is unknown new dynamics which are responsible for the scalar sectors. This opens a new approach to understand the electro-weak symmetry breaking and the origin of CP violation.
The generic feature of this new paradigm is summarized as
• H(125) is not SM-like, and H(125) must be the CP mixing state. This feature is different with other models, in which the SM limit can be reached in a way or the other.
• There are usually extra CP violation in scalar sector, besides CKM matrix, though they arise both from the complex vacuum. The CP violation measurements are important for high and low energy experiments.
• There are other heavy neutral and charged Higgs bosons.
• The scale of the new mechanism for the complicated scalar sectors is higher.
For the optimistic case (from the point view of experimentalists), the extra new scalars can be not so heavy. For this case, LHC has the good opportunity to discover them. Therefore, it has good motivation to explore the discovery potential and capacity to measure its properties for charged Higgs boson. (125) is due to the approximate CP symmetry, and there are other heavier scalars which need to be understood. The new dynamics on top of scalar sector is not known yet, which are responsible for the complicated scalar sector and the flavor structure.
Charged Higgs boson and top polarization
As we have discussed, the charged Higgs boson is quite common in many BSM. If the charged Higgs boson is lighter enough, it can be produced as the decay product of top quark and charged Higgs boson can subsequently decays into tau plus neutrino. For heavy charged Higgs boson, the main production channel is bg → H + t − . For example, we proposed to search supersymmetric Higgs boson via this channel more than a decade ago [9] and calculated the complete QCD correction to this process subsequently [10] . In fact there are numerous studies on charged Higgs boson, we refer the interesting reader to Ref. [11] .
In this paper, we will focus on how to utilize the top polarization to study the charged Higgs boson [12] . In our recent work [12] , we studied this subject in the type-II 2HDM as the benchmark model, where one Higgs doublet couples to up-type fermions and the other Higgs doublet couples to down-type fermions. In general, charged Higgs boson can couple with top quark in various ways.
In type-II 2HDM, the coupling among charged Higgs boson and quarks can be written as
where P L/R = (1 ∓ γ 5 )/2 is the chirality projector. Here tan β is the crucial parameter of 2HDM which is defined as the ratio between the vacuum expectation values of two Higgs doublet. As indicated in Eq.2, the coupling strength is proportional to the mass of corresponding fermions. Here we will consider the most massive third generation fermions, namely top and bottom. Thanks to the heavy masses, the top quark decays promptly so that the chirality information of top can be kept in its decay products. Therefore one can use the decay products to reconstruct the top-quark polarization information, and measure tan β with better precision. If charged Higgs boson is heavier than top quark, it can be mainly produced in three ways:
The cross section of process (1) decreases with m H ± more rapidly compared to the other two, and the process (3) contains other unknown parameter m A . In order to measure tan β in good accuracy, we adopt tH − /tH + associated production
These two processes generate the same final states: one top-quark, one anti-top-quark and a bottom-quark. If we want to probe the H +t b coupling, we should take care of the different origin of the anti-top (the same if taking the top quark) in two processes: thet of process (3) is the decay product of charged Higgs boson, while thet in process (4) is associated produced with the charged Higgs boson. We calculate the helicity amplitudes of different processes and obtain their degree of top polarization respectively as [12] ,
The dilution factorR prod as a function of the c.m. energy √ŝ of the sub-process for m H ± = 400 GeV and m H ± = 600 GeV is shown in Fig. 2 . From the curves, we can find the absolute value ofR prod is less than 0.5 and the sign of the dilution factor varies from negative in the threshold region of the tH − to positive in the large invariant mass region. The sign of the dilution factor is very important for the measurement of top polarization. Therefore, we focus our attention on the anti-top from the H − decay rather than the associated production with the H + . It means that the anti-top production with charged Higgs boson should be treated as background if we wish to measure the charged Higgs boson interaction utilizing top polarization information.
Discovering charged Higgs boson at the LHC
In order to measure tan β, the first task is to discover the charged Higgs boson, i.e. to suppress the backgrounds. The task can be divided into two: one is to 
√ŝ
) with m H ± = 400 GeV(solid black) and m H ± = 600 GeV (dashed red) [12] .
distinguish the gb → tH − from gb →tH + , and the other is to suppress the other SM backgrounds. We requiret → l −bν and t → b j j. The anti-top polarization can be inferred via the angular distribution of charged leptons as described below. The signal is
Irreducible backgrounds are
The SM backgrounds are
where j b means b-jet containing one b orb. Note that all of our analysis are based on parton level and leading order estimation. There are five jets in the final states. We order the five jets by their p T and examine their p T distributions [12] . Based on these information we can introduce the basic p T cut on signal and backgrounds as p T ( j 1st ) ≥ 120 GeV, p T ( j 2nd ) ≥ 80 GeV, p T ( j 3rd ) > 60 GeV; (10) In order to suppress the huge SM backgrounds, we need to reconstruct the intermediate states and isolate the extra jet. The detailed analysis can be found in [12] . In 
Finally, in order to suppress the backgrounds further, we demand the extra jet to be a b jet and choose the b-tag efficiency as 60% and mis-tagging efficiency as 2%. The cut efficiency for backgrounds/signal is listed in Tab. 1, Tab. 2and Tab. 3. From the tables the cut conditions can suppress the SM background to more than 4 orders of magnitude and irreducible backgrounds to more than 2 orders of magnitude, while the signals have enough event numbers. We can get the significance of the signal over backgrounds well above 5σ for a broad range of tan β. Even for hardest case with tan β = 6, there are more than 300 events survive for m H ± = 400 GeV at the 14 TeV LHC with an integrated luminosity of 100 f b −1 . 
Measuring tan β at the LHC utilizing top polarization
With the reconstructedt, j extra and H − , we can measure the anti-top's polarization by angular distribution of top decay products. As usual, we define an angle between the charged lepton momentum in the rest frame oft to the anti-top momentum in the rest frame of
If we can measure the distribution of dσ σd cos θ hel , we can get the polarization of the anti-top quark by
where N i means the rescaled event number of the ith bin in the distribution of dσ σd cos θ hel . In our analysis, there are only 10 bins distributed between cos θ hel = −1 and 1, so the i varies from 1 to 10. For simplicity, we introduce the statistical error of the degree of anti-top polarization as following:
The polarization degree of the anti-top quark as a function of tan β is shown in Fig. 3 with equation 13 .
is also plotted for comparison. From the figures, we can see that the anti-top quark polarization is a good probe for a wide range for tan β, especially for the intermediate tan β. For tan]beta in this region, it is hard to measure by using the cross section information. However D decay changes rapidly in the region of tan β = 5 ∼ 10. This feature helps us to determine tan β with better accuracy. Figure 3(b) tell us that the polarization can not reach ±1 because of the SM backgrounds and the signal events loss by the cut conditions. 
Conclusion and discussion
In this paper, we discussed briefly the motivations for charged Higgs boson. Among them we focused on the role of charged Higgs boson to reveal the possible new paradigm, which is the new way to understand the electro-weak symmetry breaking and CP violation. In practice, discovering charged Higgs boson and measuring its properties, like tan β, are crucial to distinguish various models.
We wish to emphasize that the charged Higgs boson is likely only one piece of big puzzle, though the quite important piece.
